Abstract: Presently, chlorophyll and carotenoid contents were evaluated under control (25±2°C), heat stress (35±2°C and 40±2°C) and interactive effect of heat stress and trehalose in six wheat (Triticum aestivum L.) genotypes (HD2967, PBW175, C306, PBW343, PBW621 and PBW590). Trehalose an osmoprotectant, at concentration of 1mM and 1.5mM was applied at 7 days after sowing (DAS) followed by heat stress of 35±2°C (moderate) and 40±2°C (severe) on 8DAS for 4 and8 hours. As chloroplast thylakoid membranes, are highly vulnerable to heat stress, the chlorophyll content decreased with increased temperature stress in all selected genotypes. Heat stress significantly reduced (P< 0.05) the carotenoid content in all genotypes. Severe heat stress (8 hours) more adversely affected these mentioned parameters. The application of Trehalose @ 1.5mM as compared with 1mM concentration was found more effective to ameliorate the adverse effect of heat stress on chlorophyll and carotenoid contents to sustain photosynthetic process.
INTRODUCTION
All over the world wheat i.e. Triticum aestivum L. is an necessary cereal crop. In the form of various products wheat is used as staple food. Global wheat supplies are predicted remain commodious in 2016/17 marketing season. Although below the 2015 record, world wheat production in 2016 is to outstrip utilization for the fourth consecutive season, boosting world stocks to a 15 year high. World wheat utilization is seen to decline slightly mostly because of reduced feed use (FAO 2016) . It has been found that wheat contain the higher value of vegetable protein in the food of human beings, as it contains higher content of proteins and amino acids than the other major cereals like maize rice (NPCS board, 2012) . As heat stress or temperature stress is described as increase in temperature up to a threshold level for a particular interval of time that cause the unrecoverable harm to the plant or crop growth and development. A sudden rise in temperature basically above 10-15°C is consider heat shock or heat stress (Wahid et al., 2007) . Due to massive rise in the population the requirement or desire for wheat has been also increased than the previous times, but its yield or harvest decreased due to the environmental stress. Extreme or late temperature stress during the grain filling period of normal as well as delayed planted wheat is the large abiotic stress that severely reducing wheat yield (Khan et al., 2007) . Unstable or stable heat stress causes various changes in morpho-anatomical, biochemical and physiological modifications in wheat, that severely affect the crop growth and development. Heat stress violently decreased both quantity and quality of wheat (Wardlaw et al., 2002 , Altenbach et al., 2003 , Dupont et al., 2006 . Trehalose is a resolveable, non-reducing disaccharide of glucose. Three isomers exist: α, α -trehalose, α, β-trehalose and β, β-trehalose. Of these, only α, α -trehalose (1-O-(α -Dglucopyranosyl) α -glucopyranosi de) is found in biological material. It is present in a huge variety of organisms and can serve as reserve of carbohydrate and as a protectant in response to different environmental stress factors. Trehalose is known to protect biological membranes and macromolecules. Its stockpilling has been implicated in permit crops to indulge stress, including heat-stress. Trehalose does protect against desiccation in certain specialized resurrection plants. Gomez et al., 2011 described the discovery of trehalose metabolism in the recent years has pointed out the importance of trehalose biosynthesis in stress responses in plants. Therefore, a primary aim and the significance of this work was to determine the role of trehalose, whether exogenous application of trehalose helps to protect and maintain the chlorophyll and carotenoid content from the destructive effect of heat stress when wheat seedlings exposed to different (35±2°C and 40±2°C) levels of heat stress.
MATERIALS AND METHODS
Plant material: Six genotypes of wheat (T. aestivum L.) viz. HD 2967, C306, PBW621, PBW590, PBW343 and PBW175 were obtained from Department of Plant Breeding and Genetics (PAU) and used for studies related to chlorophyll and carotenoid content under control and different heat stress levels. Statistical Analysis: Analysis of variance (ANOVA), critical difference at 5% level of significance (P< 0.05%) was used for the data analysis. With a view of assess the effect of heat stress on above stated parameters, only healthy seeds of six genotypes of wheat were used in experiments. Seeds were surface sterilized with 0.1 per cent mercury chloride for 2-3 min. to avoid any kind of mycosis during seed germination. Petri plates were sterilized in oven at 100°C for 1 hour. Ordinary blotting papers were used in Petri dishes and were autoclaved before use. Twenty seeds were sown in each Petri-dish lined with circular blotting paper and incubated at 25±2°C temperature. On seventh DAS trehalose (1mM and 1.5mM) application was given followed by heat stress, incubated at 35°C and 40°C, for 8 hrs. Controlled Petri-dishes were placed in an BOD in which heat was maintained at 25°C. T1-control at 25°C, T2-T1+(tre-1mM), T3-T1+(tre-1.5mM), T4-at 35°C, T5-T4+(tre-1mM), T6-T4+(tre-1.5mM),T7-at 40°C, T8-T7+(tre-1mM), T9-T7+(tre-1.5mM) Chlorophyll content and carotenoid content: Chlorophyll content and carotenoid contentwas determined by method as followed by Hiscox and Isrealstam (1979) . The photosynthetic pigments from the wheat leaves by placing the 100g of fresh leaves used in the photosynthesis and reflectance measurements in 5ml of the dimethyl sulfoxide (DMSO) and extracting for 12 h in the dark. The concentration of the extracted pigments was calculated by recording the absorbance values at 665,645 and 480 nm. 
RESULTS AND DISCUSSION
Chlorophyll content: During the present study six genotypes of wheat (T.aestivum L.) were exposed to varying levels of heat stress (35±2°C and 40±2°C) under laboratory conditions (Table 1 -6)) and contents of chlorophyll a, b and total were estimated. The chl a content was in range of 0.598 to 0.646 and chl b in range of 0.312 to 0.432 in control. The contents of total chlorophyll varied significantly (P< 0.05) all treatments in all the wheat genotypes studied presently and was recorded more in PBW621 and HD2967 genotypes and least in PBW590. Under severe heat stress i.e. 40±2°C for 8 hours duration chlorophyll a value was recorded more in PBW621 genotype and chl b was more in HD2967 and PBW621 genotype. These results were similar to that of Gautam et al. (2016) as heat stress decreased the chlorophyll a content in the durum wheat genotypes. Khan et al. (2015) also observed that heat stress significantly reduced chl a and chl b contents of wheat genotypes similar to that of Ahmed and Hassan (2011) and Kumar et al. (2012) .Presently, it has been also recorded that in all the studied genotypes the chlorophyll content decreased with increased temperature stress. Shirdelmoghanloo (2016) also observed that there was positive correlation between heat stress and chlorophyll degradation or chlorophyll loss. Chloroplast thylakoid membranes, are highly vulnerable to heat stress. High temperatures led not only to disintegration of the lipid bilayer (Losa et al., 2004) , but also to damage of the oxygen-evolving complex of photosystem 2 (Komayama et al., 2007) . There is an inverse correlation between growth temperature and membrane saturation level. Changes in lipid-protein interactions are thought to play a major role in heat-induced increase in the fluidity of the thylakoid membranes (Larkindale et al., 2004) . In the present study it was also recorded that the application of trehalose increased the chlorophyll content in all genotypes. The application of higher concentration (1.5mM) of trehalose showed more increase in chlorophyll content as compare to 1mM of trehalose. Similar finding of Benaroudj et al., 2001 also pointed out that trehalose accumulation during heat stress protects the cells and cellular proteins of Saccharomyces cerevisiae from damage by oxygen radicals. During heat stress, trehalose pretreatment protects the ultrastructure of chloroplasts some polypeptides in thylakoid membranes, and also improves the photosynthetic capacity of thylakoids , which indicates a protective role of trehalose or its metabolite for the thylakoid membrane.
Carotenoid content:
Heat stress decreased the carotenoid content in all the selected wheat genotypes (Table  7 and 8). The carotenoid content recorded between 0.0291 to0.0298. The maximum carotenoid content was recorded in HD2967 and minimum was observed in PBW175 genotype. In all the genotypes it was recorded that the carotenoid content showed maximum value at 25±2°C as compared to moderate and severe heat stress. It was found all the genotypes showed increase in carotenoid content with the application of Trehalose. The concentration of 1mM of Trehalose showed increase in PBW621 and PBW590 under control conditions, whereas the concentration of 1.5mM of trehalose showed increase in carotenoid content in all the selected genotypes both in control and heat stressed conditions. The heat stress of 40±2°C (severe heat (Xu Xiao-Ling et al., 2001) . In response to heat stress, chloroplasts in the mesophyll cells of grape plants became round in shape, the stroma lamellae became swollen and the content of vacuoles formed clumps, whilst the cristae were disrupted and mitochondria became empty (Zhang et al., 2005) .
Conclusion
Presently, as the six wheat genotypes were subjected to moderate (35±2°C) and severe (40±2°C) heat stress conditions. It has been observed in all the genotypes that the heat stress resulted in loss of photosynthetic pigments. More chlorophyll and carotenoid loss occurred under the severe heat stress conditions as compared to control and moderate stress. The genotype HD2967 showed high chlorophyll content even under the severe heat stress for 8 hours of duration. On the other hand PBW 175 followed by HD2967 showed higher carotenoid content under severe heat stress for 8 hours duration. Now in the treatments with the exogenously applied trehalose, there were increase in chlorophyll (a, b and total) and carotenoid contents as the trehalose known to protect the biological membranes from degradation by stabilizing them. Thus, the present findings demonstrated that exogenous application of trehalose to wheat has considerable potential for maintenance of thyllakoid membrane stability (mechanism unknown) in order to maintain the chlorophyll and carotenoid content in all the six studied wheat seedlings growing under heat stress conditions.
